Previously isolated 115 endospore-forming bacilli were basically grouped according to their temperature requirements for growth: the thermophiles (74%), the facultative thermophiles (14%) and the mesophiles (12%). These isolates were taken into 16S rRNA gene sequence analyses, and they were clustered among the 7 genera: Anoxybacillus, Aeribacillus, Bacillus, Brevibacillus, Geobacillus, Paenibacillus, and Thermoactinomycetes. Of these bacilli, only the thirty two isolates belonging to genera Bacillus (16), Brevibacillus (13), Paenibacillus (1) and Thermoactinomycetes (2) were selected and presented in this paper. The comparative sequence analyses revealed that the similarity values were ranged as 91.4-100 %, 91.8-99.2 %, 92.6-99.8 % and 90.7 -99.8 % between the isolates and the related type strains from these four genera, respectively. Twenty nine of them were found to be related with the validly published type strains. The most abundant species was B. thermoruber with 9 isolates followed by B. pumilus (6), B.
INTRODUCTION
The genus Bacillus is a phenotypically large, diverse collection of Gram-positive or Gram-variable staining, endospore-forming, aerobic or facultatively anaerobic, rodshaped bacteria that have undergone considerable reclassification as advances in molecular biology have revealed a high phylogenetic heterogeneity (5, 21) . The genus Bacillus One ml water and sediment, 1 g soil or stone samples were incubated in 5 ml of the MI medium containing 1 % soluble starch, 0.5 % peptone, 0.3 % yeast extract, 0.3 % meat extract, 0.3 % K 2 HPO 4 and 0.1 % KH 2 PO 4 , (pH 7.0) at 37 ºC, 45 ºC and 60 ºC under shaking for 24 h to obtain the enrichment culture, after each sample was heat-treated at 80 °C for 10 min to kill vegetative cells (7, 30) . The turbid enrichments were streaked on plates of MI medium containing 3 % agar and incubated aerobically at 37 ºC, 45 ºC and 60 ºC for 24-48 h.
The single colonies showing different colony morphology were isolated and subcultured at least three times until a pure culture was obtained. The cultures of the isolates were monitored by microscopy analysis. All of the isolates were routinely maintained at 4 ºC on MI agar slants and stored at -80 ºC in MI broth cultures supplemented with 20 % glycerol. Isolates were designated according to their geothermal area of origin, the sample number taken from that origin and the number of the isolates obtained in that sample. The designation of the 34 isolates, their origin, and the reference strains used in this study are presented in Table 1 . 
Morphologic and physiologic characterization
The temperature range was determined by incubating the strains in Nutrient Agar at temperatures from 20 to 80 ºC for 24-72 h. All the incubation conditions were adjusted to 37 ºC, 45 ºC or 60 ºC according to the temperature requirements of the mesophilic, facultative thermophilic and the thermophilic isolates, respectively. The cell morphology, motility and spore formation were observed with freshly prepared wet mounts using phase-contrast microscopy. The active cultures grown in Nutrient Broth under shaking for 18-24 h were used when describing the cell morphology and motility after incubation.
The formation of spores was also tested by using Nutrient Gram staining and catalase activity were carried out by the methods of Claus and Berkeley as described previously (5).
The reference strains were used as control groups in all the phenotypic and genotypic characterization tests which were at least triplicate.
Enzyme assays
All the isolates were screened for their chitinase, amylase, -glucosidase and protease activities qualitatively on agar plates at incubation conditions adjusted to the temperature requirements of the isolates. 1.6 % (w ⁄ v) Nutrient Broth containing 0.2 % (w ⁄ v) colloidal chitin (24) was used for chitinase production. Chitinase production was detected by observing clear zones around the colonies after growth for 48-72 h. Amylolytic activity was tested on MI agar plates after incubation for 48 h. Then the plates were treated with 0.2 % I 2 in 2 % KI solution and isolates having starch digestion zones around their colonies were determined as amylolytic (7) . When determining -glucosidase activity, a screening was carried out on MI plates by searching para-nitrophenol -Dglucopyranoside (pNPG) activity on blotting filter paper as described previously (4) . The paper disk was incubated at 40 ºC or 60 ºC and the yellow color formation, the color of which was caused by the reaction of -glucosidase on the substrate, was observed and selected for the positive -glucosidase reaction. In the screening of protease activity, isolates were growth on Skim Milk Agar (pH 7.0) plates for 72 h (8).
Protease producing isolates which gave a clear zone around their colonies due to the hydrolysis of skim milk were selected.
The diameters of halo zones and the amount of yellow color formation were also measured and compared with the reference strains producing these enzymes.
16S rRNA gene amplification and sequencing analyses
Genomic DNA was extracted from the cultures growing on Nutrient Agar for 18 h according to the temperature requirement of the isolates by using genomic DNA purification kit (Fermentas). The gene encoding 16S rRNA was amplified by PCR with the 16S bacteria specific 27F forward and the 1492R reverse primer as described previously (14) . The amplification products were purified from agarose gel using Gel Extraction Kit (Omega Ezna). The sequences of the PCRamplified 16S rRNA gene were determined by using ABI 3100 gene sequencer with Bigdye cycle sequencing kit. In the phylogenetic analysis, homology search was carried out using the basic BLASTN search program at the NCBI Web-site.
Phylogenetic analysis were performed using the maximumlikelihood and neighbor-joining methods with bootstrap values based on 1000 replications and the phylogenetic tree (26) was constructed with the MEGA package version 4 (31) according to Jukes-Cantor method (10) . 
The GenBank accession numbers

RESULTS
Temperature requirements of isolated strains
One hundred and fifteen isolates were basically classified into three groups according to their temperature requirements; the mesophiles (20 - In addition to these data, except isolates from theoretical-ARDRA groups were observed among the isolates from genus Bacillus, four of these excess groups could not be differentiated by experimental analysis. As can be seen in Table 3 , The isolates from genus Brevibacillus showed 2 different experimental-and theoretical-ARDRA groups (Fig. 2, Table 3 ).
Selection of isolates from genus
According to this clustering, all of the B. thermoruber isolates in cluster 1 displayed the same experimental restriction pattern and also the same Br-A-1 theoretical profile. The second cluster in genus Brevibacillus was formed by the B. agri isolates with a similar experimental and theoretical-ARDRA profile (BR-A-2).
The distinctive restriction fragments were observed to be 619 bp and 153 bp fragments in B. thermoruber, whereas 418 bp, 245 bp and 167 bp fragments differed B. agri isolates from B.
thermoruber. In addition, the isolates from both genera
Paenibacillus and Thermoactinomyces displayed identical theoretical-AluI-ARDRA profiles with their closely related type species (Table 3) . , the dominant theoretical profile among the distinct 16S rRNA gene groups; nd, not detected. The designation of the novel isolates were showed in bold character) Genetic diversity of genus Baccilus The dendrogram was constructed by using UPGMA, with correlation levels expressed as percentage values of the Dice coefficient. The 16S rRNA gene and the ARDRA groups derived from both experimental and theoretical restriction digestions were also indicated beside the designation of the isolate. The novel strains were written in bold character.
HaeIII-ARDRA profiles of the isolates
The HaeIII digested amplified PCR products of the genus Bacillus formed 2 experimental and 6 theoretical-HaeIII-ARDRA groups as showed in Fig. 2 and Table 4 Nevertheless, the three mentioned species in cluster 2 were indistinguishable from each other not only by the experimental 
TaqI-ARDRA profiles of the isolates
The TaqI-ARDRA analyses of genus Bacillus revealed 3 experimental and 5 theoretical groups. Among the 3 experimental clusters derived from the cluster analyses of the isolates belonging to genus Bacillus, cluster 1 branched into two groups (Fig. 2 , Table 5 The TaqI-ARDRA clustering also divided genus Brevibacillus into 2 experimental and 5 theoretical groups ( Table   5 ). The experimental analyses revealed that isolates from genus
Brevibacillus branched into two clusters as can be seen from the similarity dendrogram in Fig. 2 which DNA hybridization remains the needed method for identifying these closely related taxa at the species level (34).
As a consequence, although there were some limitations, such as ARDRA analyses were carried out on conserved 16S rRNA genes, we were able to differentiate and cluster our isolates by using their ARDRA patterns. The ARDRA results also showed resemblance with the 16S rRNA gene sequence analyses. By ARDRA results, not only the discriminative restriction fragments of these isolates and type species were determined, but also the novelty of our A391a isolate could be demonstrated.
Consequently, the genetic diversity of isolates from genus
Bacillus and Bacillus-related bacteria in geothermal areas of Turkey were presented, some of which are novel. Certain differentiating phenotypic characters of these isolates were studied and some of these bacilli which might have biotechnological potential in industrial applications, exhibited significant amount of halo zones in amylase, chitinase and protease assays, when compared with reference strains.
Although majority of these isolates were lack of producing carbohydrate degrading enzymes, on the contrary they were found to be capable of producing protease enzymes notably in isolates belonging to B. subtilis and B. licheniformis. It was also concluded that the mesophilic and facultative thermophilic endospore-forming groups were able to live and shared the same extremely hot habitats with their thermophilic counterparts, on behalf of their endospore formation ability in order to survive in these environments. The reliability of species identification scheme including genus Bacillus, Brevibacillus, Paenibacillus and Thermoactinomyces of proposed ARDRA techniques were also proved in congruence with the phylogenetic analyses of the 16S rRNA gene sequences.
